Abstract. X(1835) has been treated as a baryonium with sizable gluon content, and to be almost flavor singlet. This picture allows us to rationally understand X(1835) production in J/ψ radiative decays, and its large couplings with pp, η ππ. The processes Υ (1S) → γX(1835) and J/ψ → ωX(1835) have been examined. It has been found that Br(Υ (1S) → γX (1835) (1835) is very difficult, if not impossible, to be observed in these processes. The experimental checks for these estimations are expected. The existence of the baryonium nonet is conjectured, and a model-independent derivation of their production branching fractions is presented.
Introduction
Recently, the BES Collaboration has observed a new resonant state X(1835) in the η ππ invariant mass spectrum in the process J/ψ → γπ + π − η [1] with a statistical significance of 7.7σ. The fit with the BreitWigner function yields mass M = 1833.7 ± 6.1(stat.) ± 2.7(syst.) MeV/c 2 , width Γ = 67.7 ± 20.3(stat.) ± 7.7(syst.) MeV/c 2 and the product branching fraction Br(J/ψ → γX(1835))Br(X(1835) → π + π − η ) = (2.2 ± 0.4(stat.) ± 0.4(syst.)) × 10 −4 . A narrow nearthreshold enhancement in the proton-antiproton (pp) mass spectrum was observed from the radiative decay J/ψ → γpp [2] . This enhancement can be fitted with either an S-or P -wave Breit-Wigner resonance function. In the case of S-wave fit, the peak mass is M = 1859
2 with total width Γ < 30 MeV/c 2 at 90% confidental level and the product branching fraction Br(J/ψ → γX)Br(X → pp) = (7.0 ± 0.4
−5 . The masses of the two structures observed in both J/ψ → γpp and J/ψ → γη π + π − channels are overlapped and 0 −+ quantum number for the resonance in η π + π − channel is possible. A question arise if they are the same state, in ref.
[1] an argument is presented, if the final-state interaction is included in the fit of the pp mass spectrum, a e-mail: dingjj@mail.ustc.edu.cn the width of the resonance observed in γpp channel will become larger. Therefore, the X observed in both pp and η π + π − channels could be the same state and it is named as X(1835) in ref. [1] . And this state couples strongly with pp and η π + π − ; in the recent talk of BES [3] , the estimation of Br(J/ψ → γX(1835)) ∼ (0.5-2) × 10 −3 , Br(X → pp) ∼ (4-14)% is presented.
However, recently, a negative experimental result has been reported by the CLEO Collaboration [4] . They claimed that in the radiative decay of Υ (1S) the narrow enhancement observed by BES near the pp mass threshold is not seen. The upper limit of the product branching fraction for the decay Υ (1s) → γX(1835), X(1835) → γpp has been determined to be
Moreover, we would like to mention another problem, because Br(J/ψ → γX(1835)) ∼ (0.5-2) × 10 −3 , claimed by BES in [1] , is rather larger among J/ψ decays and ω is a photon-like vector meson with negative G parity; an experimental measurement of Br(J/ψ → ωX(1835)) seems to be practicable in BES, or at least the signal of J/ψ → ωX(1835) should be seen in BES. However, there are still not yet any results on this matter reported by BES, therefore it is urgent to discuss the problem that whether the fact that the signal of J/ψ → ωX (1835) is not revealed at the present stage contradicts the existence of X (1835) or not.
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The European Physical Journal A In this case, the existence of X(1835) seems to become a puzzle. Therefore, it is worth pursuing both the reasons why Br(Υ (1S) → γX (1835)) is so small that Br(Υ (1S) → γX(1835))Br(X(1835) → pp) < 5 × 10 −7 and the reasons why there is still not yet any information on J/ψ → ωX(1835) reported by BES. In this work we try to answer the above questions, and try to illustrate that the absence of the X(1835) signal from the two processes at the present stage is due to the special structure of X(1835).
The theoretical interpretation of this exotic state is a great challenge, and many proposals have been suggested [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Some of them interpret X(1835) as a pp bound state [6, [9] [10] [11] , and large enough binding energy to bind proton and antiproton together has been derived from the constitute quark models [11] . On the other hand, some authors identify X(1835) as a pseudoscalar glueball [12, 14] , and in refs. [10, 13] the authors claim that there is large gluon content in X(1835). Also some authors suggest that the two structures observed in J/ψ → γpp and J/ψ → γη π + π − are not the same state, and identify X(1835) as the η's second radial excitation [15] . Obviously, more theoretical and experimental efforts are needed to determine whether X(1835) exists or not, and to be sure that X(1835) is a pp bound state or glueball or something else. Motivated by solving the puzzles mentioned above and getting the information about the structure of X(1835), we investigate the productions of X(1835) in Υ and J/ψ decays in this work. The production of X(1835) may provide significant information on the structure of X(1835).
So far, the experiments strongly indicate that X(1835) is almost uniquely produced in J/ψ radiative decays and it has large coupling with pp and η ππ. Whatever X(1835) is a glueball or pp bound state or something else, it must meet these two significant experimental facts. In this work the possibility of X(1835) as a baryonium with sizable gluon content is investigated. In this perspective, the puzzles mentioned above can be answered naturally.
The paper is organized as follows: In sect. 2, we suggest X(1835) as a baryonium with sizable gluon content, whose gluon content is similar to that of η . In this perspective, we can easily understand the reasons why Υ (1S) → γX(1835) and J/ψ → ωX (1835) are not seen at the present stage. In sect. 3 we conjecture the existence of pseudoscalar baryonium nonet and study its production in J/ψ decay in a model-independent way. Finally, we briefly summarize the results and give some discussions.
2 The possible structure of X(1835) and Υ(1S) → γX(1835), J/ψ → ωX (1835) The production of X(1835) in J/ψ radiative decay J/ψ → γη π + π − may indicate that there is large gluon content in X(1835), as is shown in refs. [10, 13] . Also J/ψ → γ + gg, gg → hadrons provide an important search ground for the glueball [16] , some people suggest that X(1835) is a 0 −+ glueball. However, the lowest pseudoscalar glueball mass is 2.1-2.5 GeV from the quenched lattice approach [17], and 2.05 ± 0.19 GeV, 2.2 ± 0.2 GeV in QCD sum rules [18] and it seems difficult to explain the large mass difference between 1835 MeV and the theoretical prediction mass. On the other hand, even if X(1835) is a pure glueball, it would mix with other mesonic states, such as η(1440), η(1295) and η c (1S). Furthermore, in ref.
[11] we show that X(1835) can be possibly a baryonium and the relative large mass defect can be produced. In ref.
[10], we pointed out that there is sizeable gluon content in the skyrmion-baryonium X(1860) (i.e., X (1835)) by discussing the baryonium decay through baryon-antibaryon annihilation in the Skyrme model. Distinguishing from the naive (or old-fashioned) baryonium in the Fermi-Yang-type models [7, [19] [20] [21] , the skyrmion-baryonium is constructed in the model inspired by QCD, and therefore the gluon inside the baryonium will play an important role in the baryonium physics, e.g., the baryonium decays and productions. Therefore, the skyrmion-baryonium belongs to a sort of baryonium with sizable gluon content. We address that in the naive baryonium model framework it is difficult to simultaneously explain the large branching fraction X(1835) → pp, X(1835) → η π + π − . The gluon content in X(1835) should play essential role in the X(1835) decay [10] . So it is natural to treat X(1835) as a baryonium with sizable gluon content, which looks like η in some sense, and mainly belongs to a SU (3) flavor singlet.
In the following two subsections, we will start with this view to examine the branching fractions of Υ (1S) → γX(1835) and J/ψ → ωX(1835), respectively. We will show that the branching fractions of both Υ (1S) → γX(1835) and J/ψ → ωX(1835) are much smaller comparing to that of J/ψ → γX(1835). We will also predict that the branching fraction of J/ψ → ρX(1835) is very small, so we conclude that the process with visible X(1835) may only be the J/ψ radiative decay at the present stage.
Υ(1S) → γX(1835)
According to Novikov et al. [22] , for the J/ψ radiative decay, the photon is emitted by the c quark with a subsequent annihilation of the cc into light quarks through the effect of the U (1) A anomaly. The creation of the corresponding light quarks is controlled by the gluonic matrix element αs 4π G µνG µν |P i (P i is a pseudoscalar, it can be η, η , and X(1835) and so on). Photon emission from the light quarks is negligible as can be seen from the smallness of the J/ψ → γπ decay width, this mechanism leads to the following width for the J/ψ radiative decay into the pseudoscalar P i
